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INTRODUCTION
Carbon dioxide (CO2) in the atmosphere has increased significantly, on
average 2 parts per million (ppm) annually, since the beginning of the
industrial revolution. The global atmospheric CO2 level is likely to increase
to 550–1000 ppm by the end of the century. Therefore, it is an urgent task
to perform more studies examining the adaptive capacity of European tree
species in the face of climate changes, because the forests regenerated
today will have to adapt and cope with the climate conditions that will be
present during the life of the trees in the stand

OBJECTIVES
The objective of the present study was to investigate the effects of
elevated CO2 on wood density, aboveground biomass, wood anatomy and
sap flow of Norway spruce seedlings planted in the spheres at one of the
Czech Globe “super cites” Bílý Kříž in the Beskydy Mountains, Czech
Republic. In this research, we grew 84 per sphere of Norway spruce
seedlings and we hypothesized that the strength of the CO2 “fertilization”
will contribute to higher biomass, wood density, and according to that
higher transpiration of the seedlings.

METHODS AND MATERIALS
(i) Sampling and Biometrical analysis;
(ii) Oven-dry wood density;
(iii) Wood anatomy;
(iv) Sap flow (THB method).

RESULTS AND DISCUSSION
Based on this preliminary result, we can conclude that this
elevated CO2 concentration will improve aboveground biomass
(statistically not significant) and wood density (statistically
significant), and will also improve the transpiration of seedlings
growing in elevated CO2 conditions. Most likely, we can find the
answer in a larger lumen of the cells and, accordingly, in higher
conductivity, but on the other hand, the seedlings invest a larger
portion in the belowground biomass (fine and coarse roots).
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INTRODUCTION
Registered changes of temperature and humidity in Serbia,
point out to a very wide range of the climate change
effects, both on the forest system in general and on the
individual trees. At a certain point, the provission of
ecosystem services from forests, such as timber production,
protection against natural hazards, environmental
protection, water provision and biodiversity may be criticaly
diminished. It is necessary to apply more adaptive forest
management practices in Serbia.
OBJECTIVES
Given the possible irreversible processes it is necessary to
take the preventive measures aimed at alleviation of the
effects of the climate change and adaptation to the altered
climate conditions. The suitable anticipations of the climate
change and update of the database point out to the needs
and application of the sector strategies and action plans for
the adaptation and measures aimed at alleviation. In order
to predict new changes and adaptability of the forest
ecosystems, it is necessary to initiate scientific researches,
modernize forest policies, and apply more adaptive forest
management practices in Serbia.
METHODS AND MATERIALS
The paper is not based on the experimental methods, but
on the methods of analysis and synthesis, with the
elements of generalization and specialization, comparative
analysis and inductive-deductive methods, modelled on the
current theoretical-methodological knowledge. The
proposed measures are based on the previous works and
experiences that have proved effective.

RESULTS AND DISCUSSION
Climate changes causes numerous problems and changes
in forest ecosystems: degradation, deforestation, increased
mortality rates, biodiversity loss, reduced forest ecosystem
vitality due to cumulative impact of different stresses,
changes in tree level processes (productivity), changes in
species distribution, changes in site conditions (soil
condition), changes in stand structure (density, height),
changes in disturbance regimes (fires, pests and diseases).
The vulnerability of a forests depends on its adaptive
capacity. Even if the adaptive capacity of forests remains
uncertain, many scientists are concerned that this innate
capacity will not be sufficient to enable forests to adapt to
unprecedented rates of climatic changes. The need to
include adaptation into forest management and policies is
becoming increasingly recognized by forest stakeholders in
Serbia, also. They are faced with challenges related to
understanding vulnerability, identifying adaptation options,
and implementing adaptation. Measures for adaptation of
forest ecosystems in Serbia on climate change should be:
ecologically sustainable, economically viable and justifiable,
have low starting costs, socially integrated, based on local
needs, technologically simple and adaptable to economic,
social, ecological and climate conditions.
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INTRODUCTION

As part of the multifunctional research of the ICP program for
forests (International cooperation program for monitoring the state
of forests in Europe) since 2013, continuously is conducting
lysimetric method of monitoring the state of soil solution in forest
ecosystems in Serbia. This method covers several forest
communities in different ecological conditions.

OBJECTIVES

One of the goals is to determine the trend of soil acidification, and
the quality of water circulating through a forest ecosystem. In that
way, it is possible to determine the buffer capacity of the soil and
the extent to which acidification occurred.

METHODS AND MATERIALS
Certain amounts of atmospheric sediment that seep through the
soil are collected in gravity lysimeters, which are placed in the
vertical front wall of the existing pedological profiles, at a
constant depth below the humus horizon. As a filter in a plastic
container, there is annealed quartz sand for the purpose of
purifying soil solution from soil particles. Sampling is done once a
month. Based on these samples, the analysis of soil solution
determines the presence of certain nutrients (K, Ca, Mg, Na, N-
NO3, S-SO4, N-NH4, Cl) and changes in their concentrations in
solution, in order to define the existing vitality of forest complex,
as well as in noticing differences in the resistance of certain tree
species to the lack of these nutrients.

CONCLUSIONS
Monitoring with this method should be extended to other important
forest communities in Serbia, primarily oak communities, in order to
gain better insight into the impact of forest cover composition on the
characteristics of the soil solution, as well as the state of soil damage.
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INTRODUCTION
Drought stress is frequently identified as the main
factor affecting urban trees health status and vitality.
Therefore, identification of drought-tolerant tree
species for growing in urban settlements imposes
itself as a priority in order to maximize ecosystem
services provided by urban trees, as well as to
mitigate negative effects of climate change.
OBJECTIVES
The aim of the study was to evaluate drought-
response of different tree species, cultivated in the
urban area of the City of Belgrade (Serbia), using
gas exchange parameters.

METHODS AND MATERIALS
The study involved 10 native and non-native tree 
species planted alongside the main city boulevards.
Adaptation to severe environmental conditions 
based on:
photosynthetic rate (A),
stomatal conductance (gs),
transpiration (E), 
intercellular CO2 concentration (Ci), and
water-use efficiency (WUE).

RESULTS AND DISCUSSION
Crataegus monogyna and Tilia tomentosa have potential
for adaptation to severe environmental conditions based
on high A and gs. Besides these two parameters,
Crataegus monogyna showed high values of E and Ci.
Drought stress negatively affects the physiological
performance of Ginkgo biloba.
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ABSTRACT
Climate change has been a major global environmental problem over the past decades. Frequent heat waves,
droughts and storms followed by pathogen outbreaks, are considered to be important abiotic and biotic forest
stress factors.
In the narrow sense, consequences of climate change reflect in increasingly severe chaining of harmful impacts,
as it has been the case at Kopaonik National Park over the last 10 (20) years. Forest drying at increased rate,
especially in spruce forest belt, resulted in about 53,470 m3 of net salvage cutting in the period from 2014 to
2019 only. Due to this phenomenon some strict nature reserves have lost the features /values on which basis, in
terms of protection degree, they were qualified and formally established. The current effects of this drying
phenomenon are: decreased bio-ecological stability, reduced productivity, unfavourable conditions for mixed
forests strongly affecting conifers, moving away from the estimated optimum according to basic inventory
indicators, unfavourable stand structure. Increasing negative effects of present and expected risk factors due to
climate change have imposed adaptive planning and management within sustainable forest management
practice.
The article aims to provide a scientific basis for guidelines related to adaptive forest management at the Kopaonik
National Park. It will specifically (1) state the suggested forest management principles in the context of climate
change, (2) point out possibility of implementing these principles in the forest management practice at the
Kopaonik National Park, (3) examine to which extent these principles and practices have already been applied in
specific silviculture types, i.e. close-to-nature silviculture (CNS).

OBJECTIVES
The aim of this research is:

§ to define and monitor the threatening factors of abiotic and biotic origin in forests of the most common tree
species in the NP, with special reference to relic, endemic, rare and endangered species of forest trees and
shrubs.
§ to develop a system of adaptive governance, planning and management of forests in relation to various
endangering factors and their devastating effects (climatic extremes, forest drying, fires, calamities, invasive
species, etc.) at the Kopaonik NP sites, and the system will rely on the following principles (P. Brang1 et all.,
2014): the preservation of species richness, increase of structural and spatial diversity, increase of resistance of
individual trees, stands and sites to biotic and abiotic changes, replacement of high-risk stands and increase of
the average volume, as well as the production base and stability factors of stands and sites where they are
located;
§ to substantially define the nature-close management in relation to the bioecological characteristics and natural
processes of forests at the Kopaonik NP sites and incorporating cognitive principles into planning guidelines and
procedures in semi-natural forests that are intensively used, while preserving biodiversity within species, among
species, habitats, structures and structural requirements specificities, management systems, regeneration and
tending and preventive protection of the stability of forest ecosystems;
§ to more closely and clearly define the principles of integrity and integration (participatory approach) in the
planning and use of the total potential of forests in Kopaonik NP.

METHODS AND MATERIALS
The method used in this paper has integral character. Basically, the applied procedure has, at the same time,
the character of a deductive and inductive approach in order to better determine the adverse effects on forest
ecosystems of Kopaonik National Park caused by biotic and abiotic factors.
Certain phenomena were investigated locally in the established sample plots in FMU "Barska Reka" -
compartment 38/a,b, FMU "Samokovska Reka" - compartments 19/b; 22a,b and 29/a,b and FMU "Gobeljska
Reka" - compartments 71/a; 75/a; 78/a; 106/a; 107/a and 109/a.
In addition, data of the records related to the performed sanitation cutting contained in the planning documents
of Kopaonik NP were used for the preparation of this paper.

RESULTS AND DISCUSSION
Climate change is considered one of the important issues, and the assessment and evaluation of changes in forest ecosystems and their environment are an important part of the forest
management planning process. This approach enables forest management to be constantly adapted to changing environmental conditions. Comparing the climatological data for the period
2011-2019 with the data for the reference period 1981-2010 for the area of Kopaonik National Park, it is noted that the average temperatures in the last 10 years show an increase ranging
from 0.8 °C (2011 and 2017) to 1.9 °C (2019), and at the same time the amount of precipitation in 2011 and 2012 was below the average for the reference period, which directly caused
intensive drying, especially in the spruce forest belt. Remediation of areas affected by drought achieved a random yield of 53,470 m3 in the period 2014-2019, which amounts to 24.8% of
the felling volume intended by the plan for a ten-year period.
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MU„Gobeljska reka“- compartment 78/a MU„Samokovska reka“- compartment 19/b

Developing a system of adaptive forest governance, planning and management

The basic principle of adaptive management implies primarily the silvicultural measures that adjust the relationship between the bioecology of species and the new
changed site conditions that have arisen as a result of climate change and the resulting change in other ecological conditions.

These principles include:

1) The promotion of indigenous tree species that correspond to the site often based on the assumed potential of natural vegetation, which are beech, fir and spruce on Mt.
Kopaonik.

2) The promotion of mixed forests. Starting from the established state of forests in terms of mixedness on Mt. Kopaonik, the tasks of forest management in the following periods
are related to:
üIncreasing the degree of mixedness while forcing the presence of noble broadleaves (mountain ash, Norway maple, maple) important for the biodiversity of the area.
üTending measures, of moderate intensity, which must be carried out in such a way that the mixed species are forced at the expense of the basic ones, except when this
endangers the bioecological stability of the ingredients in relation to the natural potential.
üEnhancement of mixedness with the support of the presence of shrub species and floral elements from the floor of herbaceous plants (excluding weeds).

3) The promotion of various vertical and horizontal stand structures – an increase in structural diversity. In the forests of Kopaonik, thanks to the previously applied
management systems, there is a pronounced structural diversity ranging from a simple form in even-aged forests to a typical selection structure. It is confined to the flat Kopaonik
in spruce forests by specific climatopes and edafotopes and simple horizontal structural forms are common. This problem is solvable by breaking down the even-aged structure on
larger areas by forming rejuvenation groups (0.3 ha) in longer sections of time.

4) Maintain and increase genetic variation within tree species. The basic management measures to achieve a high genetic variation are: a long process of natural
regeneration (applicable to shade tolerant species), enrichment by planting, especially if planting material taken from warmer and drier areas is used.

5) The promotion of natural regeneration. The methods of forest regeneration that are currently used and will be applied in the future in the practice of forest management in
Kopaonik National Park are: the stem and group-selective and regeneration principles.

6) Silvicultural practices that focus on individual trees. Increase the resistance of individual trees to biotic and abiotic changes, i.e. by forcing healthy trees of all
dimensions, shapes and forms.

7) Avoid clear cutting. Clear cutting is forbidden. Exceptions can be forced by the deterioration of the forest condition due to the negative effects of abiotic and biotic adverse
effects (drying, windbreak, snowbreak, windthrows and snowthrows, landslides, etc.).

MU „Barska reka“-compartment 38/a

Regeneration of fir and beech trees in areas after sanitation cut

The current effects of the specified drying
phenomenon in the NP are:

üsparse canopy,
üreduction of bioecological stability,
üreduced productivity,
üunfavourable mixture at the expense of
conifers,
ümoving away from the estimated optimum
according to basic forest estimation indicators,
üunfavorable structure of stands.
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INTRODUCTION
The paper presents the results of research on the structural
characteristics of mixed sessile oak (Quercus petraea
/Matt./Liebl.) and Turkey oak (Quercus cerris L.) forests on
Bukulja mountain in central Serbia. In terms of
phytosociology, these forests belong to the group of
ecological units - sessile oak and Turkey oak forests
(Quercetum petraeae - cerris) on various soils on loess,
silicate rocks and limestones.

MATERIAL AND METHODS

The experimental fields are located
in the planning aspect "Bukulja" in
central Serbia, at an altitude of
470-520 m, on very steep terrain
with a slope of 16-20° and the
eastern exposure. The studied
forests are even-aged, 70 years
old, of coppice origin and complete
canopy (0.7)

In order to define the structural characteristics and
production potential of these forests, 3 experimental fields
of square shape and size of 0.25 ha were set up. Data
processing was performed using Microsoft Excel and
Statgraphics.

RESEARCH RESULTS
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Figure 1. Research site

Figure 3. Diameter structureFigure 2. Experimental field

The diameter structure indicates that these forests are even-aged
(Figure 3). Depending on the stand conditions, the number of trees
ranges from 276-484 trees per ha, with sessile oak the most
common species whose share ranges from 35.4-85.1%, the share of
Turkey oak ranges from 4.1-49.3%, while Hungarian oak is also
significantly represented. The basal area ranges from 18.3-20.2
m2/ha, with the largest share of sessile oak 41.5-86.6%, while the
volume ranges from 152.5-161.9 m3/ha, where the largest share has
also sessile oak 41.0-86.6%. The condition of these forests can be
generally defined as unsatisfactory, considering their origin,
productivity and quality. The management of these forests in the
future should be focused on planning and implementing adequate
silvicultural and ameliorative measures to improve their condition and
conversion into a high forest.
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Tree slenderness coefficient (SC), defined as the height/
DBH ratio, is often used as an index of tree resistance to 
windthrow.  SC has been intensively studied for many Eu-
ropean tree species, especially in pure forest plantations, 
but very little information is available for tree species in 
natural temperate mixed broad-leaved forests. (Figure 1).  
In this study, the aim is to investigate SC in a traditionally 
“close to nature” managed forest where regular thinning is 

carried out and redundant and infected trees are removed.  
 
 

The sample of 50 National Forest Inventory plots within 
the sessile oak forests in the Croatian Pannonian Moun-

tains was selected. SC, age class and structural elements 
were calculated for the main tree species. Variance analy-
sis was used to compare coefficients among tree species 
(464 oaks, 160 beeches, and 82 hornbeams), three forest 
age categories and four stocking classes.  

 
 

The sessile oak forests are rich in the number of tree spe-
cies. They are a significant resource with a large growing 
stock with a noticeable lack of oak, which is being replaced 
by the more rejuvenating aggressive beech and common 
hornbeam (figure 3). 

It is evident from the results that the average SC is on the 
border of optimal, near 80. The obtained mean SC for 
sessile oak (73.8) and beech (88.2) indicate a lower risk of 

wind breakage. Although these are “close to nature” 
managed forests, a large proportion of trees are 
endangered by windbreaks (19.1% of trees with SC above 
100, and 44.1% with SC above 80) (table 1).  For all three 
species, the results show that SC was significantly affected 

by tree species, age class, and stocking. especially for 
denser and younger stands (figure 4). Accordingly, young 
sessile oak stands are very endangered by increasingly 
frequent storms. Crown damage category does not show a 
clear connection with SC. However, trees with a higher SC 
have more damaged crowns, which mostly applies to 

beech trees suppressed by competition (figure 5). The 
formed structure of the stand (spatial, age, by tree species, 
tree dimensions) has a decisive influence on the resistance 
and stability of the stand. In this sense, an important 
indicator is the influence of stand density on SC. Results of 
two-way analyses of variance showed statistically 
significant differences of SC according to tree species and 
stocking classes (table 2). The SC is highest for common 
hornbeam (105.3), especially in conditions of highest 
stocked stands (> 1.1, category D) with an obtained SC of 
135.1 (figure 6). 

 

Compared to pure forest plantations, these sessile oak 
forests are more resistant to windbreaks. Given the 
increasing frequency of storms in Europe, it is necessary to 
revise the intensity of thinning. It is especially important 
to start with early thinning of stands in order to form trees 
with a more resistant habitus, but also to increase the 
proportion of sessile oak in its habitat. Sessile oak is a 
promising species in the circumstances of increasing 
temperature and drought. 
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Intercept 1 3358354 7670.389 0.000000
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DS_cat*species 4 21959 5490 12.539 0.000000
Error 697 305170 438
Total 705 512403
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Figure 1. Overstocked sessile oak fosest damaged by windthrow and drought 

Figure 3. Growing stock  (GS) by age structure of sessile oak forests in  Croatia  

Figure 2.  Sample plots and sessile oak forests in Croatia 

Figure 6. Tree slenderness coefficient by species and stand density categories 

Figure 5. Tree slenderness coefficient by  species and crown damage categories 

Figure 4. Tree slenderness coefficient by  species and age categories  

Table 2. Factorial ANOVA of tree slenderness coefficient per species and stand stocking 

Table 1. Descriptive statistics of tre slenderness coefficient  per species and stand 
density categories  
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Level of 
factor

Level of 
factor N I_SLD_m 

Mean
I_SLD_m 
Std. Dev.

I_SLD_m 
Std. Err

beech 160 88.1748 27.4804 2.1725
s. oak 464 73.7711 21.8689 1.0152

hornbeam 82 105.2635 33.3723 3.6854
stand dansity category

A beech 26 64.5651 19.6299 3.8497
A s. oak 103 70.5929 18.8950 1.8618
A hornbeam 14 81.4378 20.9750 5.6058
B beech 5 92.7007 15.0401 6.7261
B s. oak 25 69.2538 20.4126 4.0825
C beech 123 93.6425 27.1216 2.4455
C s. oak 301 74.4752 21.9910 1.2675
C hornbeam 44 96.5579 21.4275 3.2303
D beech 6 74.6251 9.1585 3.7389
D s. oak 35 80.2953 28.0445 4.7404
D hornbeam 24 135.1220 37.3408 7.6222

total 706 80.6931 26.9595 1.0146
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ABSTRACT or INTRODUCTION

OBJECTIVES

METHODS AND MATERIALS

RESULTS AND DISCUSSION
The largest number of completely healthy trees was recorded at the experimental
area No. 3, while the largest number of completely dying off trees was recorded
at the experimental area No. 2. Experimental area No. 3 is located at an altitude
of 960 m and is exposed to the southern exposure, and experimental area No. 2
is located at an altitude of 870 m and is exposed to the eastern exposure. Dieback
of spruce in this area occurs as an interaction of many harmful abiotic, biotic and
anthropogenic factors. The most significant harmful fungi recorded on spruce
during this research were Heterobasidion parviporum (Niemelä & Korhonen) and
Armillaria ostoyae (Romang.) Herink. Harmful insects that play a major role in the
dieback process of spruce and which have been recorded on experimental plots
were: Ips typographus (L.), Pityogenes chalcographus (L.).

Figure 1. Harmful fungi on spruce

Figure 2. Symptoms of a bark beetle attack

As the drying of forests is taking on ever-increasing proportions, it is necessary to
carry out continuous research with the aim of determining the most important
causes and determining appropriate protection measures for the preservation of
both, spruce and other tree species in this area.

Spruce is of great economic and environmental importance in the area
of Kotor Varos forest management area. High-quality forests in which it
is represented are often influenced by various factors that, through their
negative effects, impair their stability and lead to accelerated dieback
and decay. Intensive dying off spruce was recorded at the beginning of
the 80s of the last century. In the last few years, significant dying off
conifer stands occurred again, among which fir and spruce proved to be
the most sensitive.

Four experimental plots at different exposures and altitudes were
selected for the study, and the degree of dieback of all trees was
assessed on them. The Manual for Visual Assessment of Forest Crown
Condition (FAO, 2014) was used to estimate classes of needle/leaf losses
and classes of needle/leaf discolouration. By comparing these classes,
the final class of tree damage was determined.

The aim of the research was to determine the causes that lead to the
dieback of spruce at the studied sites in Kotor Varos. Various and
numerous factors affect the health condition of the spruce, which can
lead to its dieback and, therefore, to a decrease in its importance, but a
timely diagnosis of harmful factors, and a forecast of possible dangers
and damages significantly affect the possibility of timely protection.

Defoliation class
Discolouration class

0 or 1 2 3
Final damage class

0 0 1 2
1 1 2 2
2 2 3 3
3 3 3 3
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ABSTRACT or INTRODUCTION
Environmental heavy metal pollution is one of the biggest
environmental problems in the world today, especially
contamination with nickel. The contaminated soil can be a
secondary source of pollution to other parts of the
ecosystem - water, air, and plants grown on contaminated
soil. Phytoremediation, the use of plants to extract,
sequester and detoxify pollutants is a new and powerful
technique for environmental clean-up. Due to their
advantages poplars such as fast growth, large biomass and
high transpiration rate, (Populus spp.) present a great
candidate for investigation in an aspect of so-called
phytoextraction, but continued research is necessary to
fully exploit their potential.

OBJECTIVES
The main aim of the study is to assess how heavy metal
such as nickel affects the foliar biochemical properties of
poplar and to estimate the effects of different concentration
on antioxidant potential as well as phenolic content in
poplar leaves.
METHODS AND MATERIALS
üPopulus deltoides cl. PE19 / 66
ü greenhouse controlled conditions
ü three nickel treatments
ü root and leaf antioxidant potential (FRAP, Benzie & Strain
1996)
üTPC (Chang et al. 2002)
ü Peroxidase (POD) activity (Zimmerlin et al. 1994)
üsuperoxide dismutase (SOD) activity, Fredovich, 1995)

RESULTS AND DISCUSSION
Obtained results indicate significantly higher values for all
examined parameters obtained in the leaves comparing to
the root. According to statistical analysis significantly lower
values of FRAP, SOD, and POD in the tripled MAA treatment
compared to the control.
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Obtained results could be used for selection of clones
suitable for phytoremediation purposes as well as for
deepening the understanding of heavy metal induced stress
in plants.
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INTRODUCTION
While the impact of climate change on the distribution range of the
terrestrial plant communities has been extensively investigated, the
global warming effect on the rate and duration of their growth
remain elusive. Certain empirical methodological approaches, such as
the productivity-environment relationships, that are designed to
encompass environmental gradients covering a considerable fraction
of the species range, allow sound anticipation of species productivity
levels in a future climate.

OBJECTIVES
Our study tests the hypotheses that climate change has a specific
impact on the growth of the Scots pine plantations in Bulgaria due to
their anthropogenic origin and marginal distribution and that the
specifics of this influence can be adequately modeled through
productivity-site relationships, which elaboration is our main study
objective

MATERIALS
38 Permanent Plots
Since the 1970-ties
2 – 5 inventories
by 10 – 15 year-intervals

Site 
(soil and relief parameters)
Stand - quantitatively
(mean and cumulative 
growth and yield variables)
Stand - qualitatively
(status, regeneration)

✓ Altitude
✓ Soil 
moisture and 
richness
4 categories 
of 
Ecosystem 
Fit
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METHODS, RESULTS AND DISCUSSION

𝑯 = 𝒇 𝒕𝟎, 𝒕, 𝑯𝟎, 𝜷

𝐻𝑖 −
𝑑𝑜𝑚𝑖𝑛𝑎𝑛𝑡 ℎ𝑒𝑖𝑔ℎ𝑡 𝑚
𝑡𝑖 − 𝑎𝑔𝑒 (𝑦𝑒𝑎𝑟𝑠)

✓ Soil Complex Index
(5 soil characteristics)

✓ Relief Complex 
Index (4 relief characteristics)

2 categories of 
Ecosystem Fit

Kostov (2014)

Aleksandrov and Tonchev (2021)

1 1
(Kostov, 2014)

1 2
(Aleksandrov and Tonchev, 2021)

Ecosystem Fit Category

Plot within 
Ecosystem Fit 
Category

Plot (Stand)

𝛽𝑖 = 𝑏𝑖 + 𝐼 ∙ 𝑐𝑖
𝛽𝑖 = 𝑏𝑖 + 𝑠𝑖 𝜎2

𝑠𝑖 = 𝑓 (𝑣𝑎𝑟)
var: Soil Complex Index, 
Relief Complex Index, 
De Marton Index, 
Hargreaves CMD Index  

Models by 
Ecosystem
Fit Category
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INTRODUCTION
Coastal dunes have very difficult conditions for plant growth,
especially woody vegetation. Trees grow on poor, permeable soil,
in an environment with high salinity, subject to the constant
action of drying wind, often damaging the crowns of trees. The
‘Mierzeja Sarbska’ forest reserve, located on coastal dunes
between the Baltic Sea and Sarbsko Lake, is a unique place in
Poland where such phenomena can be observed.

OBJECTIVES
The aim of this study was to characterize the climatic signal
contained in the radial increments of two pine species used to
stabilize coastal dunes: the native Scots pine and a species alien
to Poland – black pine.

METHODS AND MATERIALS
The study was carried out in single-aged, nearly 100-year-old
stands of both species, growing under very difficult conditions on
the Sarbska Spit. Material was taken from trees with the highest
biosocial positions in the stand, taking into account, in addition to
the species, distance from the sea (100 m and 500 m) as a factor
potentially differentiating the radial growth of trees. Residual
chronologies of both tree species were used in comparative
analyses. The relationship between the magnitude of
standardized radial increments and selected meteorological
elements (temperature, precipitation) was examined for the
common period 1940-2010.

RESULTS AND DISCUSSION
Comparison of average tree-ring width [mm]

The pine species does not significantly
differentiate the average ring width
(manova, p= 0.318), while the distance from
the sea significantly affects the size of this
feature (p = 0.007). Two-way anowa
indicates a significant interaction between
species and distance from the sea (p =
0.011). Scots pine has wider rings close to
the sea, and black pine far away. In the
areas further from the sea, greater variability
of the studied feature was noted, which may
indicate a greater variation in tree growth
conditions.

Despite the similar adaptability of
the two species to coastal dune
conditions, the sensitivity of
Scots pine and black pine to
environmental conditions was
found to differ depending on the
distance from the Baltic coastline.

The analysis of incremental
indexes for both pine species
shows that Scots pine is more
sensitive and shows a stronger
incremental reaction to changes
in environmental conditions.

Climate – growth relationship
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INTRODUCTION
Urban forests are important part of cities' green infrastructure,

especially in cities with great anthropogenic pressure as Belgrade
is. Urban green areas enable people to connect with nature and
contribute to livability in cities, but some studies reported soil
pollution particularly with heavy metals.

Due to that, soil samples from Avala Mt,. and Byford’s and
Zvezdara Forests were collected from 15 sites and three depths
(0-10cm, 10-20cm and 20-40cm), making a total of 45 analyzed
samples. Among all analysis, content of microelements was
measured for the purposes of this research.

RESULTS AND DISCUSSION
No significant changes were observed comparing sites or

depths. Mean concentrations of analyzed metals for all three
study sites do not vary significantly, and shows that the content of
microelements decreases in the following order: Zn > Cr > Ni >
Cu > Pb > Co > As > Cd > Hg.
Analysis of microelements in soil showed that sustainable soil

quality Ni levels are exceeded in all samples, while Cr, Cd and Co
levels only in some. The elevated concentrations of Ni in
Belgrade soils are a consequence of the geological settings. Main
natural sources of Ni are fragments of peridotite and serpentinite.
Elevated concentrations of Cd in some samples might be caused
by traffic pollution. Several studies revealed that traffic is widely
acknowledged as a major source of heavy metals in urban
environments. Strong correlation between U, Th and Zr (elements
of typical geological origin)and Pb, As, Zn indicated geological
origin of the latter. Further statistic analysis proved mixed
anthropogenic and geogenic origin of microelements.
Even though due to Serbian Soil Quality Regulation no

remediation is required for now, in the light of predicted climate
change, regular monitoring and assessment should be done to
display soil quality and to maintain or improve urban forests
sustainability.
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INTRODUCTION
Trace metals in the environment are important pollutants affecting human health in
urban areas worldwide. Phytoremediation as a nature-based solution (NBS) and
environmentally friendly technology may decrease high concentrations of trace metals in
urban soils, protecting public health and contributing to urban sustainability. Potential of
many woody plant species is considered for phytoremediation of toxic metals due to
numerous advantageous characteristics: high production of aboveground biomass, ability
to growth on contaminated soils with low nutrient content and high capacity to tolerate,
uptake and translocate metals in the aboveground organs, particularly leaves.
OBJECTIVES
This study examined trace metal contamination of urban soils and trees in six cities in
the Republic of Srpska (Bosnia and Herzegovina) and investigated the potential of
selected urban tree species for phytoremediation as a NBS for metal-polluted urban soils.
Contamination of urban soils was assessed by quantifying the concentrations of 11
elements (B, Ba, Cd, Co, Cr, Cu, Mn, Mo, Ni, Pb, and Zn). The aim of the research was to
look into level of contamination of urban soils and investigate potential of selected woody
plants in phytoremediation as the NBS for cleaning metal-polluted urban soils.
METHODS AND MATERIALS
Soil sampling was performed with a soil sampling probe of the "Eijkelkamp" type. Surface
layers of the urban soils (up to the depth of 20 cm) were sampled in two distances, 1 m
and 20 m from the two streets: with the most frequent traffic and with the lowest traffic
frequency. Plant material consisted of fully developed leaves of three common and
abundant tree species in urban environment, Aesculus hippocastanum L. (horse
chestnut), Platanus acerifolia (Aiton) Willd. (plane) and Tilia sp. (lime). Leaves were
sampled from the exterior part of the tree crown, at 2 m height above the ground and at
about 1-2 m from the traffic-loaded streets. Laboratory analyzes were performed in the
Laboratory for Soil and Plant Material of the Institute of Forestry in Belgrade.
RESULTS AND DISCUSSION

Calculated values of BFC can be linked with soil properties (texture, pH or organic content).
Results showed that examined species retain most B in leaves sampled at the analysed sites
and may have potential role in the phytoremediation of this element if concentrations reach
toxic levels.
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PICTURES
Upper left: Graph 1. Concentrations of non-essential elements in urban soils of investigated locations. Upper right: 
Graph 2. Concentrations of essential elements in urban soils of investigated locations. Below: Table 1. Bioconcentration 
factor (BFC) of examined tree species.
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Banja Luka 2.23 0.02 0 0.24 0.007 0.34 0.03 0.5 0 0 0.22 

Prnjavor 0.01 0.04 0 0.03 0.005 0.22 0.021 0 0.009 0 0.16 

Doboj 0.25 0.01 0 0 0.002 0.35 0.014 0 0.007 0 0.23 

Bijeljina 0.36 0.03 0 0.04 0.02 0.22 0.09 0 0.04 0 0.33 

Trebinje 0 0.03 0 0.06 0.006 0.47 0.03 0.5 0.02 0 0.15 
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Banja Luka 3.81 0.03 0 0 0.003 0.15 0.01 0.17 0.03 0.28 0.16 

Prijedor 0.23 0.02 0 0 0.005 0.12 0.04 0 0.03 0 0.13 

Prnjavor 0 0.01 0 0 0.008 0.33 0.03 0 0.09 0 0.16 

Doboj 0 0.04 0 0 0.002 0.21 0.02 0 0.01 0 0.16 

Bijeljina 0 0.01 0 0 0.006 0.41 0.03 0.14 0.07 0 0.26 

Trebinje 0.43 0.03 0 0 0.006 0.25 0.04 0.36 0.04 0 0.10 

Ti
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lo

s 

Banja Luka 3.65 0.02 0.25 0 0.005 0.24 0.02 0.25 0.006 0 0.12 

Prijedor 1.05 0.04 0 0.08 0.005 0.90 0.02 0 0.007 0 0.17 

Prnjavor 0.69 0.02 0 0 0.01 0.31 0.02 0 0.02 0 0.11 

Doboj  0.45 0.04 0 0 0.002 0.25 0.008 0 0.006 0 0.19 

Bijeljina 0.16 0.01 0 0.18 0.007 0.24 0.02 0 0.02 0 0.10 

Trebinje 1.79 0.05 0 0.02 0.008 0.30 0.02 0.32 0.01 0 0.10 

Our data (Graph 1 and Graph 2) indicate that vehicular traffic is not such a relevant source of soil
contamination in these areas, but rather past industrial activities. Based on the concentrations of
eleven trace metals in the analyzed plant leaves, the study determined low degree of contamination
of investigated trees in the urban locations. Obtained data may point out resistance of the tree
species to metal uptake through the leaves (Table 1).
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ABSTRACT

OBJECTIVES

METHODS AND MATERIALS
The researched area is located within the forest management area "Mrkonjićko", which is managed by forest
estate "Lisina" based in Mrkonjić Grad. In the first phase, data and publications were collected, which relate to the
characteristics of the planned research area, and which relate to climatic factors, physical and chemical properties
of the badrock and soil.

Field research included:
• selection of the area;
• marking areas on the ground and on the map;
• determining the badrock;
• opening of the pedological profile;
• determination of altitude, exposure,
terrain slope.

RESULTS AND DISCUSSION
As stated by Kapović and Eremija (2009), the total area of forests and forest land in the municipality of Mrkonjić Grad is 37,221 ha, of which 30,000 ha (80%)
is state-owned, 7,221 ha (20%) is privately owned. Investigations were carried out in private plots in the area of the village of Bjelajce, municipality of Mrkonjić
Grad (the coordinates of the investigated areas are in Table 2) and in the area of Manjača, forest management unit "Dubička gora", in the Sitnica locality, in
section 18a. The bedrock mainly consists of limestones and dolomites. The lands that are represented in the research area are a mosaic of Leptic Cambisol-
Luvisol and Mollic Leptosol. Degradation of land on forest roads is more pronounced in the state than in private stands.

Fig 1. Appearance of degraded surfaces from mechanization (Čigoja, 2018)

Proposed remediation measures:
1. The first proposal refers to research areas one and two and implies the construction of lateral ditches along the secondary forest roads, in order to prevent the
retention and movement of water along the same. The number of lateral ditches required for the first area is 6 (one lateral ditch every 30 meters), i.e. 10 for the
second area.

2. The second proposal is defined for the third area and implies the conservation of forest roads by brunch mulching or grassing over. Grassing over measures
have a particularly good effect in the preventing of appearance of initial phases of erosion from raindrop impacts, because there is an abundant grass cover
protecting the soil from erosion (Bajrić and Sokolović, 2015).

REFERENCES
Bajrić, M., & Sokolović, D. (2015). Rehabilitation of a secondary network of forest traffic infrastructure (skid roads-skid trails). Glasnik Sumarskog fakulteta,
(suppl.), 5-14.
Kapović, M., & Eremija, S. (2009). Forests management as multifunctional ecosystems in the function of improving the environment on the territory of
Mrkonjic Grad municipality. Glasnik Šumarskog Fakulteta, Univerziteta u Banjoj Luci, (10), 95-107.

Land degradation, as a result of various factor, further accelerated by climate change, is a problem that has
become increasingly important in the last decade in the Republic of Srpska and the region. Forest lands are often
exposed to degradation, where erosion and torrents take a significant place and are the result of the influence of
forest mechanization when using biomase. When designing the primary and secondary network of forest roads,
the character of the relief, the bedrock and the land cover should be taken into account in order to minimize the
removal of land, but this is often not the case. The paper analyzes the impact of forest mechanization on the
limestone-dolomite soils of the “Mrkonjićko“ forest managment area in relatively similar ecological and
geografical conditions. The aim of the research is to gain insight into the situation on the ground as the result of
the impact of forest mechanization on the land and to identify potential measures for repairing the damage. The
most prononcued influence of forest mechanization was reflected in the compaction of the soil and the creation of
preconditions for its reamoval down the slope. Based on the insight into the situation on the ground, a proposal of
measures for the rehabilitation of forest roads was defined in order to reduce soil erosion. These measures should
be taken into account in the planning documents of the forest management area in the coming period.

Table 1. Dimensions of the analyzed surfaces

Length (m) Width (m) Total area to be remedied
(m2)

Area 1 180 4 0.720

Area2 300 5 1.500

Area 3 420 6 2.520

The aim of the research is to analyze the impact of forest mechanization on land degradation in state and private
forests, with the definition of rehabilitation measures for degraded areas.

Table 2. Basic characteristics research areas
Basic characteristics Area 1 Area 2 Area 3

Elevation 411 m 453 m 800 m
Percent of slope 7 % 11 % 10 %

Soil type Leptic Cambisol-Luvisol Leptic Cambisol-Luvisol Mollic Leptosol
Exposure NE SW N

Coordinates
X= 6 433 267 X= 6 432 894 X = 6 417 614
Y= 4 920 995 Y= 4 920 236 Y = 4 930 471
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INTRODUCTION
Forest administration “Avala” noticed a problem that arose during the
reforestation of an sesil oak stands on in the immediate vicinity of the
Avala mountain top, damaged by snow loads. They removed the fallen
trees and carried out planting sesil oak seedlings produced from the
healthy stand. So far, planting has been attempted on several occasions,
but the seedlings died or progressed very poorly and were in a poor
state of health. Beside of the other possible reasons, soil characteristics
are the one of the important factors that could be the reason for such
an occurrence. The aim of this study is to determine the dependence of
soil properties on sessile oak forest condition.

METHODS AND MATERIALS
A soil sampling was carried out at a two locations in the devastated
area and at one location in a healthy stands of sesil oak on Avala
mountain. Samples are taken at a depth of 0-10cm and >20cm. The
chemical and physico-mechanical characteristics of the soil were tested.
By comparing the obtained values, we tried to establish whether there
are significant differences in soil characteristics that could indicate a
possible reason for the problem.

RESULTS AND DISCUSSION
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The emphasis on biodiversity conservation, protected
areas and natural landscapes as nature-based solutions
for human health and climate change adaptation is now
supported by a range of international policies and
agreements.

Investments in protected areas and other nature-based
solutions offer cost-effective solutions that provide direct
benefits for human welfare, public health and education,
and build resilience to climate and environmental change.
Achieving these multiple benefits will require new
partnerships across different sectors but will become
increasingly necessary in a world of changing climate and
increasing urbanisation.1

Objectives 

The main objective of this research is to establish a
methodology for achieving the United Nations Sustainable
Development Goal 15 “Life on Land” and to assess the
effect of nature-based solutions (NBS) for enhancing the
sustainability of management of the protected areas.

In this study 58 forest soil samples and 50 conifer needle
samples from four protected areas in Serbia (Tara, Zlatibor,
Golija, Đerdap) were analyzed. Concentrations of minor
elements (Cd, Co, Cr, Cu, Ni, Pb, V and Zn) were
determined using Inductively coupled plasma – optical
emission spectrometry (ICP-OES). Quantitative pollution
indices (Contamination factor (Cf), Geoaccumulation index
(Igeo) and Degree of contamination (Cd)) were calculated
since they are effective tools for converting the raw
environmental data into information relevant to support
decision-making.2

Methodology Results

Soil Cd Co Cr Cu Mn Ni Pb V Zn

Min 0.75 2.62 36.20 15.61 246.59 13.77 10.35 6.42 34.79

Max 2.99 96.80 1515 333.63 246.59 1050 165.13 211.25 331.92

Mean 1.67 19.04 254.08 41.70 246.59 160.30 48.87 88.63 100.94

Results of this study provide a 
scientifically-based overview of the 

conditions of soil health and health of the 
forest ecosystem and help to propose 

nature-based solutions for enhancing the 
sustainability of management, especially in 

the context of improving ecosystem 
services and climate change adaptation 

and mitigation.
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Range of concentrations of microelements (mg kg-1 dry weight) in soil samples (Tab. 1) 

Range of concentrations of microelements (mg kg-1 dry weight) in needle samples (Tab. 2) 

Needles Cd Co Cr Cu Mn Ni Pb V Zn

Min 0.09 0.06 1.46 2.75 42.77 0.63 0.11 0.10 13.84

Max 0.56 1.12 111 11.10 2205 18 3.75 1.12 62.88

Mean 0.25 0.46 31.93 4.72 488 4.36 1.30 0.41 30.72

Improvement of the management of protected areas in Serbia to achieve the goals of sustainable development

Introduction

Pollution indices regarding the average conc. of microelements in soils could classify some
of the investigated samples among moderately to strongly contaminated with Cd, Cr, Ni
and Pb, probably as a consequence of the geological background, but it will be the subject
of further research.

Conclusion



Improving the recreational function of urban forests through 
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FORS²D - "Perspectives of forestry and related sectors as drivers of sustainable development in the post-Covid era"

ABSTRACT or INTRODUCTION
The research presented in this paper points to the fact that the recreational function, as an urban planning category, receives inadequate
treatment in the spatial and urban plans in Republic of Srpska, at least not to the extent corresponding the new approach to evaluation
forest areas. Uncertainty at the level of urban plans prevents concrete actions in terms of better arrangement of these areas, and makes it
difficult to understand their sustainable development. Obscurity on level of urban plans doesn’t allow concrete actions in terms of better
planning of such spaces, and it hinders supervision of their sustainable development. The second part of the paper discusses a case study in
the area of the park forest Trapisti in Banjaluka. The phases of urban regulation, the conceptualization of a design inspired by nature and
the details of its development were analyzed, thus completing the process of improving the recreational function of the park forest Trapisti.

OBJECTIVES
Banjaluka is the largest city in Republika Srpska and the second largest city in Bosnia and
Herzegovina. In the last period, it experienced a significant transformation in functional
and institutional terms, considering its importance in the surrounding area. The historical
roots of the development and planning of the recreational function of Banja Luka's forest
complexes date back to 1933., with Act No. 11.027/32 sent to the Banjaluka Forest
Directorate, raised the issue of setting aside the forest area as a tourist destination. The
general urban plan of Banja Luka was completed in 1975, the planning horizon was until
1991, and that plan provided for the Program for the establishment and arrangement of
park-forests in the area of Banja Luka. At that time, the Trappist forest complexes were
defined as a park-forest that will have an active recreational character - hiking trails, trim
trails, sports fields; (Došenović, Trkulja, 2019: 72). The urban settlement Delibašino Selo, a
suburb of Banja Luka, is a specific ambient space that is abundant in various natural
resources. First of all, as a landscape, a symbiosis of dynamic terrain and the Vrbas river,
and of course, the variety of plant life - deciduous and coniferous trees, which emphasize
the ambiance. The activation of the banks of the Vrbas River and part of the Trapist Forest
in the area of the Delibašinio Selo settlement is a case study in the context of improving
the recreational function of urban forests through urban regulation and landscaping. The
total area of the scope is 295,263 m2. Of this, the area of green spaces (public green
spaces, limited-use green spaces, special purpose green spaces and forest parks) amounts
to 177,749 m2, which represents 60% of the total area covered.

METHODS AND MATERIALS
The aim of this paper is to investigate the possibility of improving the recreational function
of forest areas through urban regulation and to seek a new design solutions in the green
matrix. In order to recognize the character and quality of urban forests, a method of
separation of gravitational area and recreational zones in the city has been proposed. With
this method, the recreational value in the circle of the gravitational area is determined by
two factors: the position of the urban forest and the value of the natural characteristics of
the forest area for recreation. According to the mentioned methodological approach, the
position of the forest complex in the circle of gravity is the first determinant. Therefore, the
separation of the gravity area provides a basic matrix of the desired elements of urban
planning, namely: the total area of the area, defined by the radius of the circle of gravity (A)
which is calculated as A= 1.4 √E, and the area of forest complexes (W) and their
arrangement in the area of the gravity circle.
The results of the theoretical part of the research were applied to a concrete case study -
activation of the banks of the Vrbas River and part of the Trappist Forest in the area of the
Delibašinio Selo settlement. Field research and processing of collected data are determined
through: methods of structural, functional and causal analysis of relevant data from
professional and scientific literature, as well as appropriate planning and program
documentation.

RESULTS AND DISCUSSION

The concept of the intervention of the observed coverage implies
the mapping of characteristic ambient units, then their
connection into an integral coverage. Banjaluka would thus
activate the suburbs, include them in the life of the city and get a
completely new, high-quality space for rest and recreation, which
is currently lacking. The observed area of the bank of the river
Vrbas and its hinterland is divided into several ambient units, in
accordance with the natural characteristics of the terrain and the
existing building fund. Four environments are recognized within
the space.
Ambience 1. includes the hydroelectric power plant and the
destroyed dam on Vrbas, with open spaces next to both objects.
Ambience 2. Both banks of the Vrbas River, the construction of
paths that partly cross the land and are mostly positioned over
water surfaces is planned. The paths are designed to follow the
coast and its natural contours, with places to get off or extensions
to linger and relax by the water. From the trails, it is possible to
see the banks of Vrbas, which remain in their natural state and
are not disturbed by new construction structures.

Fig. 4 Ambience 1i2.

Ambience 3. includes interventions on the pebble beach in the
form of the construction of two jetties. The materialization of
piers is identical to that used for the construction of paths along
the Vrbas River and through the Trapist Forest.

Fig. 2. Overview of state owned forests within
gravitational circle position of a state owned forest
complex within a gravitational circle of Banjaluka

Environment 4. Platforms are planned to be drilled around the
existing trees in order not to damage the trees and the natural
environment of this area. Due to the configuration of the terrain,
the platforms are provided in several levels.

By determining the availability factor and the scarcity factor, the
Trapist forest complexes have a location factor of a certain value,
which defines them as close recreational forest objects, this
research also determined the second component of the
recreational value, which is a natural convenience characterized
by the construction and condition of the stand.

Ljiljana Došenović1*, Tanja Trkulja2 & Dragoslav Savanović3
1 University of Banja Luka, Faculty of Forestry, Bosnia and Herzegovina  2 University of Banja Luka, Faculty of Architecture, Civil Engineering and Geodesy, Bosnia and Herzegovina 3 

University of Banja Luka, Faculty of Architecture, Civil Engineering and Geodesy, Bosnia and Herzegovina 

The research points to the increasingly important role of
forest complexes in modern living conditions and brings to the
fore the issue of adequate representation, ways of future use
and design of these spatial-functional entities. The proposed
method for evaluating the recreational function of forests is
defined in the spirit of sustainable development and
improving the quality of the environment with the aim of
finding a solution for the increasing demands expected in the
further development of cities in the Republic of Srpska.

The conclusion defined on the basis of the research results
indicates that their application is possible in the field of
integral protection of the urban landscape by planning and
designing forest complexes for recreation purposes.

Fig. 3 

Fig. 3 Position
factor (L) for
evaluated
forest complexes
(forest districts) in
Banja Luka Forest
Management Unit

Fig. 3 

Fig. 3

Fig. 1. Analysis of the wider environment

Fig. 5. A case study of the area of the park forest Trapist in Banja Luka,
Solution R: 1000
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leaves under the heterogeneous urban 

environments of Banja Luka and Trebinje
Zorana Hrkić Ilić1, Nada Šumatić1 & Marijana Kapović Solomun1
1Faculty of Forestry, University of  Banja Luka, Banja Luka, Republika Srpska, Bosnia and Herzegovina 

FORS²D - "Perspectives of forestry and related sectors as drivers of sustainable development in the post-Covid era"

INTRODUCTION
Urban environments and their soils, known as urbosoils, are
often heavy polluted with potentially toxic elements and
other contaminants originating from extensive traffic,
industry, and heating plants. Dendroflora plays a significant
role as a bioindicator of the degree of urban pollution and
presents the basis of nature-inspired solutions for urban
soils sustainability. At present, the information on the
morphological variation of common urban trees, grown in
the parks and alleys, are scarce.
OBJECTIVES
The aim of this study is to determine the morphometric
variation of leaves of plane tree, Platanus × acerifolia
(Aiton) Willd., regarding the urban environments of Banja
Luka and Trebinje. The main purpose of our analyzes was
to indicate the importance of urban tree species as a useful
tool in the biological monitoring of the pollution level of
urban environments and urbosoils.
METHODS AND MATERIALS
Following morphometric leaf traits were analyzed: leaf
blade length (L), maximum width of the axis of the midrib
(W), distance from the midrib to the right margin (X),
distance from the midrib to the left margin (Y), distance
from the right lateral vein to the main vein (WR), distance
from the left lateral vein to the main vein (WL), length of
the right lateral vein (RL) and length of the left lateral vein
(LL). Measurements were performed on the scanned leaves
by Digimizer Image Analysis Software Version 5.7.2. Data
were statistically processes in StatSoft Statistica 12.

RESULTS AND DISCUSSION
The results showed statistically significant differences in
analyzed morphometric traits of plane tree leaves sampled at
two distinct locations. Obtained data showed that foliar
comparisons have been useful in determination of
morphological differences influenced by contrasting urban
environments. The results also indicated the importance of
applied analyzes in the biological monitoring of the pollution
level of urban environments and urbosoils.

ACKNOWLEDGEMENTS
This research was supported by the Ministry of Science -Technological Development, Higher Education and 
Information Society of the Republic of Srpska, Grant No. 19/6-020/961-43/18.

Leaf

morphometric

traits Banja Luka Trebinje t-test df p

L 15,20 ± 0,51 (13,36) 12,52  ± 0,56 (17,32) -3,55004 29 0,00134*

W 20,80 ± 0,77 (14,84) 14,35 ± 0,77 (20,77) -5,91240 29 2,02 · 10
-6

*

X 9,51 ± 0,50 (20,94) 7,27  ± 0,53 (28,32) -3,07668 29 0,00454*

Y 9,12 ± 0,44 (19,51) 7,31  ± 0,42 (22,51) -2,93622 29 0,00644*

WR 9,60 ± 0,49 (20,23) 5,70  ± 0,52 (35,34) -5,48884 29 6,53 · 10
-6

*

WL 9,50 ± 0,46 (19,43) 5,97  ± 0,52 (33,70) -5,08871 29 1,98 · 10
-5

*

RL 13,31 ± 0,38 (11,50) 9,57  ± 0,50 (20,36) -5,95878 29 1,78 · 10
-6

*

LL 12,94 ± 0,39 (12,07) 9,78  ± 0,55 (21,80) -4,73033 29 5,37 · 10
-5

*

Table 1. Morphometric traits of leaves of Platanus  × acerifolia  (Aiton) Willd. Sampled in two 

different urban environments

(mean ± standard error, coefficient of variation in % in brackets)

StatisticLocation

*Significance of differences between locations (p< 0,05)
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INTRODUCTION
The subject of research was a fir-dominated community located near Sitnica on the Manjača mountain 

massif (northern part of Bosnia and Herzegovina).This community originated from artificially forested 
mixed stands of fir and spruce planted in habitat of mountain Dinaric fir-beech forest. With regular 
selective cuttings and natural regeneration the structure shifted from even-aged to uneven-aged. At this 
point, beech is still absent from tree and tall shrub layer while the spruce is present in all layers. 

The average annual temperature is 6.9°C while average annual precipitation is 1187 mm (646 mm 
during the vegetation period). The terrain varies from almost flat to medium inclined slopes. Most 
frequent soils are dystric cambisols developed on silicate rocks. Small fragments of bituminous limestones 
are also present. In order to study this community we collected and analysed relevés in altitudes ranging 
from 800 to 925 meters. 

OBJECTIVES
The main goal of this research was to analyse and propose 
classification for relevés recorded in Abies alba dominate community 
in Sitnica. This implied providing basic insight into:
• Floristic composition 
• Life form structure 
• Ecological factors
• Occurrence of species characteristic for classes Vaccinio-Picetea

and Carpino-Fagetea
• Syntaxonomical position of this association

METHODS AND MATERIALS
In total 18 relevés were recorded in forest area dominated by coniferous 

trees in Sitnica and nearby localities using standard Central European 
phytosociological method (Braun-Blanquet 1964). Species nomenclature 
followed Euro+Med (2006). Relevés were collected during the vegetation 
season of 2021 and 2022. Plots were placed only in sites with closed canopy 
and without signs of recent logging. We defined fixed plot size for relevés to 
be 400m2. Relevés were stored in Turboveg database from which dataset 
was transferred to Juice software where the analyses was done. Constant 
species were calculated in Juice software. Characteristic species for the 
classes were defined according to Mucina et al. (2016) and their presence 
and variation per relevé was calculated. Life forms for species were defined 
according to FloraVeg.EU which was used to determine life form structure. 
We calculated average unweighted values for each relevé for temperature, 
light, moisture, soil reaction, continentality and nutrients.

RESULTS AND DISCUSSION

Comparing the floristic compositions and descriptions of similar communities 
from central Europe we decided to propose to classify those relevés as Galio 
rotundifolii-Abietetum albae belonging to alliance Fagion sylvaticae and 
class Querco-Fagetea.
The important feature we followed for distinguishing Galio rotundifolii-Abietetum 
albae from other Abies alba dominated associations are mesotrophic species of 
the Fagetalia order that are dominant in the herb layer. As some authors include 
this assotiacion in Vaccinio-Piceetea order large scope analyses should be done 
to determine final syntaxonomical position of Galio rotundifolii-Abietetum albae.

Classification and syntaxonomical position

Variation of life forms per relevés: Ph - phanerophytes, 
Ch - chamaephytes, H - chamaephytes, G - geophytes 
and T - therophytes.

Geranium robertianum

Galium rotundifolium

Abies alba seedlings

In total, we recorded 96 species of plants. Abbreviated 
synoptic table is presented.

Species Layer Percentage of 
occurance %

Abies alba A1 100
Abies alba A2 39
Abies alba B1 17
Abies alba B2 28
Abies alba B3 100
Abies alba C 89
Picea abies A1 78
Picea abies A2 11
Picea abies B3 50
Picea abies C 56
Corylus avellana B2 28
Corylus avellana B3 89
Corylus avellana C 11
Fagus sylvatica B2 22
Fagus sylvatica B3 94
Fagus sylvatica C 11
Rubus hirtus agg. B3 100
Carpinus betulus B3 44
Acer pseudoplatanus B3 39
Vaccinium myrtillus B3 39
Acer obtusatum B3 33
Rubus idaeus B3 33
Sorbus aucuparia B3 33
Clematis vitalba B3 28
Fraxinus excelsior B3 28
Sambucus nigra B3 28
Hedera helix B3 22
Quercus cerris B3 22
Ilex aquifolium B3 17
Sambucus racemosa B3 11
Galium rotundifolium C 100

Oxalis acetosella C 100

Lactuca muralis C 89

Sanicula europaea C 89

Luzula luzulina C 83

Geranium robertianum C 78

Dryopteris filix-mas C 72

Carex sylvatica C 67

Glechoma hirsuta C 67

Aremonia agrimonoides C 61

Epilobium montanum C 61

Pteridium aquilinum C 61

Carex digitata C 56

Dryopteris dilatata C 56

Galium odoratum C 56

Athyrium filix-femina C 50

Galeopsis speciosa C 50

Circaea lutetiana C 44

Drymochloa drymeja C 44

Cardamine bulbifera C 39

Hieracium murorum C 39

Lamium galeobdolon agg. C 39

Luzula luzuloides C 39

Polystichum setiferum C 39

Viola reichenbachiana C 39

Clinopodium vulgare C 28

Fragaria vesca C 28

Prunella vulgaris C 28

Solanum dulcamara C 28

Veronica officinalis C 28

Box and whisker show relatively small variation in life 
forms structure between relevés. Ellenberg values are 
without extreme values and are mostly mesophilous.
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INTRODUCTION

OBJECTIVES
There is a need to look back at the existence of small habitats that are not primarily forest, and to familiarize ourselves with another border of the forest. Among many karst microhabitats, a 
dolines are phenomena which attracts many ecologist and vegetation researchers in the last time. The meaning of this is a contribution to the syndynamics of primary forest ecosystems. 
Another goal is the contribution to forest ecoclimatology, that is, the exact measurement of thermal conditions. These data are chronically missing for higher vegetation zones.

METHODS AND MATERIALS
Topic of this research was microclimate and vegetation of deep 
dolines, in which the spruce forest is absent.
For the purpose of understanding basic microclimatic factors, 
temperature of air, during two summer months, july-august, 
set of 7 datalogers was installed in two coupled deep dolines
northern from the top (E and W in table below), and in one 
doline southern (S). In each doline thermograph was  placed at 
the bottom, and on the margin (of forest and doline). In E 
doline a pair of instruments was in the bottom, 0.5 m and 2 m 
above ground. Additional thermograph (D) was placed in 
narrow terrace, eastern from the top, during 13.Jun-2.Jul.2021. 
On the top Crni Vrh there are complete automatic station (C), 
with thermo-shelter at a height of 3 m above ground.
At the same points, at each doline’s bottom and on doline’s
side without forest community, plus the northern slope and the 
top, phytocoenological releavés were done, using method of 
Braun-Blanquet. Valid plant names are aligned to Euro-Med, 
and characteristic species of syntaxa are defined by European 
Vegetation Survey.

RESULTS AND DISCUSSION

On 9 releavés was noticed 142 plant species in total. Down-right there is an abbreviated table (T4), with the most important and interesting species.
Spruce forest on the top and slopes of Crni Vrh is very close to Middle-europaean Athyro distentifolii-Piceetum abietis. We defined this community earlier as 
Adenostylo alliariae-Piceetum, but due to illyric species, it seems more close to Lonicero borbassianae-Piceetum, from neighboring Croatian mountains. 
Because of precipitation regime, there are many plants characteristic to tallherb vegetation. The majority of species list belong to fagetal syntaxa.
Vegetation of doline’s sides is mixture of tallherbs and chasmophytic plant species, depending on presence of rocks and large stones. In frosty southern doline, 
instead of tallherb community, there are dominant shrub community with Lonicera borbassiana and Ribes paetreum.
Vegetation of the doline’s bottoms is relatively homogeneous, with mixture of snowbed, tallherb and limestone elements. Many of here present plants are 
limited to just a few Bosnian-Hercegovinian mountains.

Mountain Grmeč is one of the largest macro-relief units in Bosnia and Herzegovina, with area of 112 060 ha (2% area of B&H), length 73 km and maximal width 27 km. Ten years ago, we 
published  a preliminary paper of vegetation, relief and specific climate of the Mountain. The same authors were keeping on the focus on the top Crni Vrh, covered by spruce virgin forest. The 
another virgin forest of the Grmeč have been also recommended (Solaković 2011). This, second paper is bringing results of meteorological observations, floristic and vegetation research, 
performed more intensively during last two years. Crni vrh is situated in the eastern part of the Grmeč Mt. It consists of the upper Cretaceous limestone in flish series of Senon. Karstification 
processes on terminal plateau are distinct, building hardly passable terrain. 

Ranunculus cassubicus

Limited number of releavés is the reason that we could give strictly definition on 
association level: all association names are provisional here!

Abbreviations: Tave - Average daily air temperature, Tmax - Average maximum air 
temperature, Tmin - Average minimum air temperature (C°)

T1

G1

G4

G2

G3

M2

G5 G6 T3

T4

point Ea Eb Em W C C D Sd Sm
period 4.7.-31.8. 13.6.-2.7.
2021. Tave 4,6 7,6 14,8 8,5 14,7 15,2 15,3
2021. Tmax 6,8 11,2 20,9 17,1 18,5 18,2 19,0
2021. Tmin 3,8 6,0 11,1 5,7 11,7 12,1 12,3
period 1.7.-31.8. - - 1.7.-31.8.
2022. Tave 6,3 10,2 14,4 8,8 14,3 9,9 13,6
2022. Tmax 8,5 13,9 20,7 16,1 17,4 19,0 18,4
2022. Tmin 5,1 8,0 10,9 6,0 11,5 5,4 10,2
see! G 1 G 2 G 3

It is noticeable that the lowest Tave is at site Ea, and the highest at site C. The reason for this distribution is the fact that at site Ea the temperature 
was measured at a height of 0.5m, and these values are under the exceptional influence of the cold air from the karst underground. By raising the 
height of the measuring point to a height of 2m (Eb), the influence of cold air from the underground is significantly reduced, and average 
temperatures are higher by 3-3.9 C°. The situation is very similar in the case of Tmax and Tmin of air. Site C shows higher values of Tave, because it 
is a peak that is not exposed to temperature inversions. The highest values of Tave are shown by the locality Em, which is located on the edge of 
the doline and the forest at a close distance between the points Ea, Eb and W. > G 1!

The data of all mean air temperature values for localities exposed to inversion and the influence of cold air from underground show slightly higher 
values in 2022. This can be explained by the fact that the temperature in the Crni Vrh location in the period May-June 2022 was even 2.9 C° higher 
compared to the same period in 2021. This thermal effect was most reflected in the increase in Tave at the Ea locations (immediately above the 
surface). Similar trends can be observed in the Tmax and Tmin distributions. It is interesting that the highest air temperature at the Ea location in 
the entire observation period reached only 10.2 C° in 2021 and 10.1 C° in 2022. > G 5 and 6!

Although site C is located at 70m higher altitude than D, Tave is lower by only 0.1 C°, which indicates a cold exposed NE exposure compared to the summit itself. > G 2!

Due to the greater openness and sun exposure of the bottom of the valley in the south (Sd), where these measuring points are located, Tave and Tmin are slightly lower 
compared to the points of the northern dolines (Eb, Em and W, which are located on a colder exposure), while the Tmax is higher than them. The reason for such 
temperature distributions is the fact that due to the openness of the surface (herbaceous cover), night cooling and daytime heating are more pronounced. > G 3!

The temperature and precipitation regime of V. Duvjakuša station (Dinara Mt.), which are located at similar altitudes, 74 km southern, show significant differences. Tave of 
Crni Vrh for July 2021 and 2022 deviates by -0.9 c°, as well as for the month of August. Tmax deviations are even more pronounced and range from -1.2 C° in July to -1.8 C°
in August. The deviation Tmin has the same sign, but is less pronounced and amounts to -0.5 C° for July, i.e. -0.3 C° for August. > G 4!

Concerning a precipitation, the histogram shows a significantly higher amount of precipitation in the two summer months of 2021 and 2022 at the Crni Vrh location. The 
average rainfall on Crni Vrh for the month of July 2021/2022 is 60.8% higher compared to V. Duvjakuša, while for the month of August the difference is even more 
pronounced: 309.2%! These data show slightly lower temperatures and a significantly higher amount of precipitation for the Crni Vrh location on Grmeč in the two hottest 
summer months. > G 4!
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INTRODUCTION
The morphological characteristics of an Sessile oak acorns were
investigated in order to determine the differences between the
populations in Serbia and Bosnia and Herzegovina (B&H). It is
especially important to study the biological characteristics of seeds,
since they characterize the most successful varieties, especially
those propagating by seed. The morphological characteristics of the
seeds of different plant species serve as taxonomical markings and
also in deducing phylogenetic relationships that would be a great
help in academic as well as in applied ventures.

OBJECTIVES
ü 10 populations representings different regions of Serbia and of 

Bosnia and Herzegovina

METHODS AND MATERIALS

RESULTS AND DISCUSSION
The mean values of morphometric characteristics obtained in research indicate there is a high
variability among the studied genotypes and populations. Analysis of variance indicates
statistically significant differences between all of the examined characters.

Measured properties N Mean Min Max Std.Dev. Coef.Var.
Seeds weight 500 3,99 0,75 9,33 1,347551 33,70
Seeds length 500 25,64 12,03 36,10 4,201764 16,38
Seeds width 500 16,08 11,33 21,27 1,833135 11,40
Scar diametar 500 7,37 4,14 11,17 1,097919 14,90
Index of shape 500 1,61 1,00 2,36 0,271537 16,92
Volumen 500 5,34 1,37 11,83 1,743493 32,63

The acorns have been collected from 50 trees pre populations and
50 acorns per tree. The length, width and mass of acorns are
measured. The volume and shape index of acorns are calculated
based on the measured values of their length and width. The
statistical methods implemented in this paper are descriptive
statistics, ANOVA, cluster analysis and discriminant analysis.

Country Population Marks Y X Elevation 
(m)

B&
H

Konjic KC 43,5956682 18,04460199 510
Foča FO 43,5471661 18,97434379 1000
Teslić_1 TE_1 44,6628845 17,58827773 310
Teslić_2 TE_2 44,6984838 17,71029382 400

Se
rb

ia

Valjevo VA 44,36667 19,8175 370
Košutnjak KO 44,7639 20,4356 188
D. Milanovac DM 44,36929 22,21874 420
Zlatibor ZL 43,68297 19,54175 1050
Goč GO 43,54287 20,87309 970
Medveđa ME 42,74998 21,49225 810

The cluster analysis for the measured properties of acorns singles out the populations of Foča
and Zlatibor. Discriminant analysis based on the first two canonical variables that make up
83.3% of the total variation among the populations singles out the population of Foča and
Zlatibor.

The results obtained represent a good starting point for future research on selection and 
breeding of the species.

Fig 1. Cluster analysis Fig 2. Discriminant analysis
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INTRODUCTION
Cadmium (Cd) is one of the most widely distributed potentially
toxic element, whose concentrations continuously increase in
the soil, water and air. Many morpho-physiological research
have found that species from the genus Salix L. represent
suitable tool for forest management and dendroremediation of
forest soils contaminated by cadmium (Cd). Although previous
physiological studies established high , only a few studies have
followed anatomical changes of tree roots exposed to Cd stress.
OBJECTIVES
The aim of our study was to analyze the root anatomical
characteristics of Salix alba L. clone ‘B-44’, Salix viminalis L.
clone ‘SV068’ and Salix matsudana Koidz. clone ‘SM4041’ in
response to 3 and 6 mg Cd kg-1 dry weight in soil and to assess
application of the root characteristics in the selection of willow
clones for dendroremediation.
METHODS AND MATERIALS
The stem cuttings of clones were obtained from the Institute for
Lowland Forestry and Environment in Novi Sad, Republic of
Serbia. The cuttings were grown in the greenhouse of the
Department of Biology and Ecology, Faculty of Science, Novi
Sad, in the soil culture. The root anatomical traits were
measured on microscopic sections, including root cross-section
area and diameter; percentage of periderm, secondary phloem
and wood; number, lumen area and diameter of xylem vessels.
RESULTS AND DISCUSSION

On the other hand clone ‘SV068’ had the smallest values of these root parameters. This
indicate the relationship between Cd stress and root traits as well as importance of root
anatomy in assessment of potential use of clone ‘B-44’ in the dendroremediation.
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Our study revealed that Cd treatment caused genotype-specific
anatomical responses in the roots of the Salix clones. Clone ‘B-
44’ had the greatest values of root cross-sectional area, vessels
lumen and diameter, after Cd treatment.

Fig. 1. (left) Variations of measured roots’ anatomical traits of
Cd treated Salix clones: 1 root cross-sectional area (mm2 x 10-3);
2 root diameter (µm); 3 % of thickness of the periderm; 4 % of
secondary phloem; 5 % of wood; 6 vessels number per
treatment; 15 vessels number per xylem cross-section (N/µm2);
7 lumen area of xylem vessels (µm2); 8 diameter of xylem
vessels (µm).
Fig. 2. (below) Root cross-sectional area of three Salix clones: a,
b - Salix alba clone ´B-44´; c, d - Salix viminalis clone ´SV068´;
e,f - Salix matsudana clone ´SM404´ (a, c, e -treatment with 3
mg Cd kg-1 and b, d, f -treatment with 6 mg Cd kg-1).
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INTRODUCTION
Natural wild cherry populations in Serbia are a part of the southern border of
this valuable forest tree species distribution range. The survival of these
marginal provenances in Serbia as well as in the wider region is threatened by
climate change, small population sizes, low competitiveness, etc. Therefore, it
is recommended to artificially assist population regeneration while increasing
their genetic diversity. Although knowledge of the amount and pattern of the
specie's genetic diversity is a prerequisite for its effective conservation and use,
related research in the region is scarce. This study aimed to determine the
amount and the pattern of phenotypic variations within- and among Serbian
wild cherry populations due to seedling morphological traits.

MATERIAL AND METHODS

RESULTS AND DISCUSSION

Analysis of variance revealed significant
among-provenance variation for
investigated seedling's morphological
traits (p <0.01; α = 0.05). Although
variability among provenances was
significant, the level of within-population
variability was much higher than among-
provenance differentiation.
The PCA results revealed an ecoclinal
pattern of phenotypic differentiation
among the provenances due to their
habitat’s altitude and other ecological
variables closely related to altitude.

Seeds were collected from 10 trees in
each of nine natural stands
(populations), in total 90 half sib lines.
Leaf morphological traits (leaf blade
area, lamina width, lamina length and
petiole length) and growth traits
(height of seedlings and root collar
diameter) of one (1 + 0) and two-year-
old (2 + 0) seedlings were analyzed.
The phenotypic variations were
examined using analysis of variance
(ANOVA) and multivariate analyses:
principal component analysis (PCA) and
cluster analysis. The Pearson's
correlation coefficients among the
analyzed traits as well as among the
traits and climate variables of the
original populations stands were
calculated.

The phenotypic variations indicates
high genetic variations among and
within populations and therefore
high potential of the species to adapt
to climate change. Significant
genetic variability of Serbian wild
cherry populations emphasizes their
importance as valuable sources of
forest reproductive material. In order
for the results to be clearer, it is
necessary to conduct analyses of
various phenotypic traits in common
garden experiments (e.g.
provenance trials) as well as
analyses of appropriate DNA
markers.

Figure 1. Map of spatial distribution of 
studied provenances 

Trait Effect (%)
Population p-value

LA 8,45 <0,01
LW 10,13 <0,01
LL 9,75 <0,01
PL 7,43 <0,01
d1 12,54 <0,01
h1 10,25 <0,01
d2 11,62 <0,01
h2 10,16 <0,01

Table 1. Provenance effect variance component 
percentage 

Figure 1. PCA biplot 



Genetic diversity of the Quercus frainetto Ten. population from the 
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INTRODUCTION AND OBJECTIVES
The protected area „Košutnjak Forest“ (Belgrade, Serbia),
occupies 267 ha, with numerous forest tree species, among
which are five native oak species, including the Hungarian
oak (Quercus frainetto Ten.), mostly represented by very
old, sometimes diseased trees, with the poor possibility of
natural regeneration. Therefore, oaks can be categorized as
„at-risk” species in „Košutnjak Forest”. This research aimed
to determine the genetic variability of the Hungarian oak
population in the „Košutnjak Forest” using nuclear
microsatellites.
METHODS AND MATERIALS
DNA extraction was performed from young leaves, collected
from 56 adult trees, using a commercial peqGOLD Plant
DNA Mini Kit (PEQLAB). In total 13 nuclear microsatellites
were used, and values of standard genetic diversity
parameters were calculated using GenAlEx 6.5 software.

RESULTS AND DISCUSSION
The number of alleles per locus ranged from 6 (QrZAG108) to 35 (QrZAG90), with an
average of 16.077. The number of effective alleles per locus was in the range from 2.575
(QrZAG108) to 26.304 (QrZAG90), with an average of 8.698. The average value of the
observed heterozygosity (Ho) was 0.744, and the average unbiased expected heterozygosity
(uHe) was 0.829. A statistically significant deviation of the expected heterozygosity from the
observed heterozygosity occurs at 5 loci (PIE239, QrZAG108, MAQ4, PIE242, and QrZAG7).
The average values of the fixation index were positive and statistically significant, indicating
an excess of homozygotes. Determining the level of genetic variability of Hungarian oak
served to assess its genetic status and as a basis for defining adequate in situ conservation
measures for the available gene pool in „Košutnjak Forest”.
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endangered plant species in NM „Košutnjak Forest“ and Ministry of Education, Science
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number 451-03-9/2022-14/ 200169.

Parameters of genetic diversity: N - number of individuals; A - number of alleles per locus; Ае - number of effective alleles 
per locus; Ho - observed heterozygosity; uHe - unbiased expected heterozygosity; F - fixation index; P - statistical 
significance at the 95% level; SD - standard deviation.

Locus N А Ае Ho uHe F P SD
PIE239 56 8 3.679 0.375 0.735 0.485 0.000 0.00000
FIR004 52 21 13.726 0.846 0.936 0.087 0.073 0.00020
QrZAG90 55 35 26.304 0.964 0.971 -0.002 0.951 0.00005
QrZAG108 56 6 2.575 0.321 0.617 0.474 0.000 0.00000
MSQ13 56 15 5.666 0.768 0.831 0.068 0.060 0.00016
QpZAG104 56 25 17.231 0.893 0.950 0.052 0.106 0.00014
QrZAG87 56 9 4.762 0.786 0.797 0.005 0.107 0.00030
MAQ4 54 11 3.938 0.556 0.753 0.255 0.001 0.00003
QrZAG101 56 19 8.973 0.964 0.897 -0.085 0.375 0.00021
PIE242 56 15 7.310 0.821 0.871 0.048 0.024 0.00012
QrZAG20 56 15 7.476 0.839 0.874 0.031 0.465 0.00032
QrZAG7 56 15 8.615 0.893 0.892 -0.010 0.012 0.00007
QpZAG110 56 15 2.819 0.643 0.651 0.004 0.512 0.00031

Mean - 16.077 8.698 0.744 0.829 0.109 - 0.050
SE - 2.147 1.888 0.058 0.031 - - -

Electropherograms showing the lengths of PCR amplification 
products of microsatellite loci

Aliquotation of PCR amplification products into the plate

Selected individuals of Hungarian oak in the area of NM
"Košutnjak Forest"

Visualization of DNA isolates (1) and PCR amplification products (2) 
under UV light

1 2
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ABSTRACT or INTRODUCTION

Liquidambar styraciflua L. (American sweetgum, sweetgum) is a 
large, ornamental, slow-growing deciduous tree, valued for its 
leaves' autumn color. It tolerates moderate drought and salt 
stress, and it can withstand urban pollution well. Although 
American sweetgum originates from North America and it is an 
alien species in Serbia, it is not recorded as an invasive species in 
Serbia or Europe. Recent studies showed that sweetgum is well-
adapted to urban environments in Serbia and therefore its use in 
urbanized areas can be recommended. 

OBJECTIVES
The aim of this study was to evaluate if the trees growing in 
Belgrade can be used as mother trees for propagation of this 
species. The elite tree of L. styraciflua growing in Belgrade was 
selected as a seed source to test if the seeds can be used for 
generative propagation in order to obtain plants well adapted to 
local conditions. 

METHODS AND MATERIALS

The seeds were collected in April, stored at room temperature 
for one month and placed on germination in May. The 
germination was conducted on the top of two layers of filter 
paper in the Petri dishes, in long day (16h/8h) conditions, at the 
temperature of 20 ± 2°C. The germination energy was recorded 
after 7 days and germination rate was recorded after 21 days.

RESULTS AND DISCUSSION

The germination energy was was low, only 13.3%, but 
germination rate recorded 21 days after placing seeds on 
germination was high – 92%. Therefore, the seeds collected from 
the selected tree can be used for generative propagation of L. 
styraciflua. However, it is recommended to monitor seedlings' 
appearance and development in the surrounding area in order to 
prevent possible naturalization and invasiveness of this species in 
the changing climatic conditions.
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INTRODUCTION
Viburnum L. (Caprifoliaceae) represented with 4 deciduous
shrubs species in Turkey. Guelder-rose (Viburnum opulus L.)
are grown as ornamental plant in many countries and the
dried fruits consisting of phenolic glucoside, tannes and
some organic acids were used for complaints of uterine
cramps, colicky pains in pelvic organs.

OBJECTIVES
The goal of this study was to compare two extraction
technique for obtaining the yields of the extractive matter,
total phenolics and flavonoids content of guelder-rose
leaves as well as to determine the antioxidant activity of
obtained extracts. Plant material was harvested during the
flowering period (June), in the forest area below the
Ostrozub mountain (Zeleničje, Nature Reserve, Serbia).

METHODS AND MATERIALS
Two extraction techniques: maceration, and ultrasonic
extraction, were used to obtained the extractive matters
from guelder-rose leaves. The extractive matter yield, total
phenolic and total flavonoid contents, as well as antioxidant
activity of ethanolic extracts obtained from the plant
material by different extraction techniques were studied.
The total phenolic and total flavonoid contents were
determined according to the Folin-Ciocalteu method and by
the complexation reaction with AlCl3, respectively.
Antioxidant activity of extracts was assessed by DPPH,
FRAP, and FIC test.

RESULTS AND DISCUSSION
The extract obtained by the maceration contained the hight
extractive matter yield (28.0 g/100g of plant material), total
phenolics (323.4 mg GAE/g of plant material) and
flavonoids (20.0 mg RE/g of plant material) as well as
antioxidant activity determined by all tests. The use of
ultrasound reduced both the extraction time due to the
positive effect of cavitation events and the antioxidant
activity of the extracts due to the decrease of total
phenolics and flavonoids content.
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INTRODUCTION 
Lemon balm (Melissa officinalis), a member of the 
mint family, is considered a calming herb. It was used 
as far back as the Middle Ages to reduce stress and anxiety, 
promote sleep, improve appetite, and ease pain and 
discomfort from indigestion. Light modification can affect a 
wide range of physiological responses of the plant. Shade 
nets are recommended for growing some plants, because 
shading can also affect the biochemical constituents in 
plants. 

OBJECTIVES 
The present study aimed to determine whether light 
modification (plants grown under pearl shade nets with a 
40% shaded index or in an un-shaded open field) could 
improve the quantity and quality as well as the antioxidant 
activity of lemon balm (Melissa officinalis L.) essential oils 
(EOs). 

METHODS AND MATERIALS 
The EOs were isolated by Clevenger-type hydrodistillation 
and their antioxidant potential was estimated by using the 
DPPH assay. Their qualitative and quantitive composition 
were determined by GC/MS and GC/FID analyses. 

RESULTS AND DISCUSSION 
Results are presented in the Table 1. 

ACKNOWLEDGEMENTS 
This work was supported by the Ministry of Education, Science and 
Technological Development of the Republic of Serbia under the 
Program of financing scientific research work, number 451-03-
68/2022-14/ 200133. Aleksandra Milenković is Scholar of the 
Ministry of Education, Science and Technological Development of 
the Republic of Serbia. 

EO from unshaded 
sample 

EO from shaded  
sample 

Yield of essential oil, 
mg/g p.m. 0.44 0.57 

The main 
components, % 

geranial (34.0%) 
neral (21.3%) 
piperitenone oxide 
(17.2%) 

geranial (32.8%) 
neral (24.9%) 
piperitenone oxide 
(16.7%) 

EC50 value, mg/ml 12.85 ± 0.199 3.43 ± 0.010 

Table 1 Yield, the main components and antioxidant activity of 
unshaded and shaded samples of lemon balm essential oil  

geranial neral piperitenone oxide  



Study of the antibacterial activity of Allium ursinum L. on 
apatogenic bacteria
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INTRODUCTION

Allium ursinum L. is populary known as sremush, crijemush,
wild or bear onion. It is used in the diet as a vegetable
(salad and spice) and in human medicine as an aid. It is
important for its nutritional and medicinal value. Since it is
mostly used in the diet seasonally at the time of arrival and
in a fresh state, as a salad, it can be a significant source of
certain nutrients, minerals which are of great importance
for human health.
Resistance of bacteria to antimicrobial substances
(antibiotics and chemotherapeutics) is one of the most
significant problems in public health. The problem of
antimicrobial resistance is related to pathogenic bacteria
and zoonotic agents, but this resistance also burdens
apathogenic bacteria that transmit resistance genes
through the food chain.

OBJECTIVES

The aim of this study was to examine the antimicrobial
activity of Allium ursinum L. on the growth of apathogenic
bacteria isolated from food of animal origin and determine
the type of action on the tested isolates.

METHODS AND MATERIALS

The plant material used in this paper is a fresh leaf of Allium ursinum L. harvested on
the slopes of the Kruševo Brdo mountain, Kotor Varoš municipality, Republic of Srpska,
Bosnia and Herzegovina. Sremush leaves were chopped, sunflower oil was added and
a thick mass of sremush was diluted with distilled water in a ratio of sremush:water
80:20%. The agar diffusion method was used to examine the antibacterial activity.
Antibacterial activity was tested on 10 bacterial coagulase strains of negative
staphylococci isolated from food of animal origin, from the collection of the Laboratory
for Microbiology of food, feed and water of the Public Institution Veterinary Institute of
Republic of Srpska "Dr Vaso Butozan" Banja Luka.

RESULTS AND DISCUSSION

*Coagulase negative staphylococcus

The results of the analysis indicate good inhibitory properties of Allium ursinum L. on 8
out of 10 tested apathogenic bacteria with an inhibition zone from 9.67 mm to 45.00
mm. Bactericidal activity was confirmed in four isolates in all three replicates, and
bacteriostatic in two isolates. Given that the contribution of apathogenic microphores
from food of animal origin in the transmission of antimicrobial resistance through the
food chain is not fully known, that the results indicate that Allium ursinum L. has good
antibacterial properties, future studies should focus on more bacteria.

1Faculty of Forestry, University of Banja Luka, Republic of Srpska, Bosnia and Herzegovina
2Veterinary Institute of the Republic of Srpska "Dr Vaso Butozan" Banja Luka, Republic of Srpska, Bosnia and Herzegovina
3Faculty of Medicine-Department of Pharmacy, University of Banja Luka, Republic of Srpska, Bosnia and Herzegovina

4 Faculty of Technology, University of East Sarajevo, Zvornik, Republic of Srpska, Bosnia and Herzegovina

KNS* Inhibition zone (mm) KNS* Inhibition zone (mm)
1. 0±0.00 6. 26.67±4.71
2. 11.67±0.47 7. 18.00±1.63
3. 0±0.00 8. 24.33±1.24
4. 20.67±0.47 9. 45.00±0.00
5. 9.67±0.47 10. 42.33±2.05



Small and Medium Enterprises in Forestry and Wood Industry: 
Organization of Business Processes in Selected Forest Management 
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INTRODUCTION

• Contractors for forest services → a key factor in 
timber harvesting within the Vlaseničko, Milićko, Han 
Pijesačko and Romanijsko forest management regions

• Wood-processing enterprises → the largest buyers 
of wood assortments and the largest sellers of final and 
other wood products

OBJECTIVES

To inquire into the attitudes of the respondents towards:

• the organisation of business processes within the 
contractors for forestry services and wood-industry 
enterprises in the selected forest management regions, 

• the opportunities for their improvement

METHODS AND MATERIALS
• Primary data were collected in 2 phases:
1. data collected by conducting surveys with 30 

representatives of contractors for forestry services and 
wood-industry enterprises

2. data collected by conducting interviews with the 6
representatives of leading enterprises

RESULTS AND DISCUSSION
• The contractors for forestry services are performing 

activities related to felling, processing, and extraction of 
wood assortments in state forests
• a tendering procedure (public procurement) published by the 

PFE “Forests of the Republic of Srpska” JSC, Sokolac
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17%100%100%
• Wood industry enterprises are most often engaged 

in the production of coniferous sawn timber, followed by 
broadleaved sawn timber, furniture production, etc. 

Raw material supply

Export destinations

62%
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INTRODUCTION
Relative forest accessibility, as an indicator of quality of primary forest accessibility, was introduced by Backmund in
1966, and it represents ratio between accessible forest area by forest roads and total forest area. The accessible forest
area is an area which surrounds forest roads. That area is defined by width of bounded area (buffer zone) around of
forest roads, and it is most often used double geometrical extraction distance (Pentek et al., 2005, Sokolović and Bajrić,
2013, Lepoglavec, 2014, Petković and Potočnik, 2018)
.

OBJECTIVES

Ø Analysis of relative primary forest accessibility from the point of geometrical extraction distance and width of belt of 
forest that make accessible by forest roads for actual and proposed forest roads network.

HYPOTHESIS:
Ø There is difference between results of analysis of relative primary forest accessibility based on these two indicators.

METHODS AND MATERIALS

RESULTS AND DISCUSSION100O
R

U

PO =
P
´

where: 
OR - relative forest accessibility (%),
PO - the accessible forest area (buffer zone) 
(ha), 
PU- the total forest area (ha) (Pentek et al., 
2005, Sokolović and Bajrić, 2013)

S

OS
OG k

SdSd =10000´=
c
kSd S

OS

where:
SdOG-geometrical aimed extraction distance 
m,
kS=1,27 average extraction factor (Abegg, 
1978, Nikolić, 1993, Stankić, 2010)
SdOS-real aimed extraction distance m

where:
SdOS-real aimed extraction distance m,
kS-extraction factor (0.4 for plain, 0.6 
for hill, 0.8 for mountain)
c-aimed density of forest roads m/ha
(Rebula, 1981)

c
Se 10000
==

Methods
Ø Determination of optimal density of forest roads from the point of intensity forest management and terrain characteristics,
Ø Determination of width of buffer zone based on geometrical extraction distances and width of belt of forest that make

accessible by forest roads,
Ø Analysis of relative primary forest accessibility based on actual forest roads network,
Ø Designing of new forest roads in the inaccessible areas of FMU,
Ø Analysis of relative primary forest accessibility based on upgraded forest roads network.

where:
e-the width of belt of forest that make accessible 
forest roads m,
S-road spacing m,
c-density of forest roads m/ha (Uusitalo, 2010, 
Hribernik, 2013)

Creation of buffer (bounded area) zone around forest roads

Items 
FMU Prosara
(IRPC, 2013)

Area (ha) 3,812.5

Primary forest
accessibility (m/ha) 7.3

Material-FMU Prosara

Determination of optimal density of forest roads

Intensity of forest 
management 
(FAO, 1998)

Relief region
(low land-hilly)

(Narodne Novine
106, 2015) 

Strategic plan of 
forest roads in RS 

(IRPC, 2019)
Average 

Density of forest 
roads m/ha 30 12-18 17 21

It was designed 24,572 m of new
forest roads on digital contour map,
and total length of upgraded
network of forest roads is 52,403 m,
and achieved density is around
14 m/ha.

Analysis of relative primary forest accessibility based on optimal density and 
upgraded forest roads network

SdOG e

The width of buffer
zone m 225 476.19

Accessible forest 
area ha 1967.4 2063.6

OR % 51.6 54.1

The importance of analysis of relative primary forest accessibility is in:

Ø Percent of accessible forest area,

Ø Percent of inaccessible forest area,

Ø Spatial distribution of new forest roads,

Ø Density of forest roads has increased for 7 m/ha,

Ø Relative primary forest accessibility has increased for 20 %, but it is
insufficient according to Pentek et al., (2005),

Ø There is difference between the results of analysis relative primary
forest accessibilities based on these two parameters of width of buffer
zone that has been caused by extraction factor.

CONCLUSIONS

Calculation of geometrical extraction distance Calculation of width of belt of forest that make 
accessible forest roads

Determination of width of buffer zone

SdOG e

The width of buffer
zone m 225 476.19

Accessible forest area 
ha 1111.15 1171.02

OR % 29.4 30.7

Analysis of relative primary forest accessibility based on 
optimal density and actual forest roads network

Designing of new forest roads in the inaccessible areas of FMU

Relative forest accessibility (Pentek et al., 2005)



Antimicrobial activity, total phenolic and flavonoid content of 
methanol extracts from Pinus heldreichii Christ.

Renata Bešta-Gajević1, Sabina Dahija1, Milica Vasić 1*, Erna Karalija1
1Faculty of Science, University of Sarajevo, Zmaja od Bosne 33-35, 71 000 Sarajevo, Bosnia and Herzegovina

FORS²D - "Perspectives of forestry and related sectors as drivers of sustainable development in the post-Covid era"

INTRODUCTION
Lately, bacterial infections are again in the focus of research, primarily due to emergence of the
resistant strains of bacteria to synthetic antibiotics. Therefore, it is necessary to improve safe way
of controlling and prevention of infections caused by microbial pathogens (Bešta-Gajević et al.,
2018). Over the last decade has been a rising interest in medicinal value of traditional plants in
different parts of the world. Recent reports have also described investigation of therapeutic
properties of plants due to their potent pharmacological, antibacterial, antifungal and antiviral
activities, low toxicity and health benefits (Jucá et al., 2020).
Pinus heldreichii Christ. (Bosnian Pine) is a subendemic and relict high-mountain pine naturally
occurring in the Balkan Peninsula and the southern Italy (Bogunić et al., 2006).

OBJECTIVES
The goal of this paper is defined through the tasks: 
a) Determine the bioactive properties of the P. heldreichii;
b) Determine the content of secondary metabolites: phenols, flavonoids, proanthocyanidins from 

pine extracts;
c) Test the antioxidant properties of the P. heldreichii;
d) Test the antimicrobial activity of P. heldreichii extracts on selected Gram positive and Gram 

negative bacteria.

METHODS AND MATERIALS
Samples of Pinus heldreichii were collected at Mt. Prenj in Bosnia and Herzegovina. Leaves, bark
and tree were separated and air-dried for 7 days at room temperature (23 ◦C) in a shaded, well-
ventilated room. Dried samples were powdered in the mill and stored at +4 ◦C until use. For each
sample, 500 mg of powdered plant material was soaked in 12.5 mL of methanol and sonicated for
30 min at 23 ◦C. The supernatant was removed after centrifugation (5000 rpm, 15 min) and
sediment was again soaked into the same solvent. Supernatants were combined for further
analysis. The antimicrobial activity screening of P. heldreichii methanolic extracts was evaluated
using different strains using four different strains of Gram-positive bacteria: Staphylococcus aureus
supsp. aureus ATCC® 6538TM, Staphylococcus epidermidis ATCC® 12228TM, Enterococcus faecalis
ATCC®TM 19433, Bacillus subtilis subsp. spizizenii ATCC® 6633TM, and fungi: Candida albicans
ATCC® 10231TM. The agar well diffusion method was used to evaluate the antimicrobial activity of
plant extracts and standards according to the National Committee for Clinical Laboratory (NCCLS,
1993). The experiment was done in triplicate and the mean values (±SD) were presented.

RESULTS AND DISCUSSION
According to the presented results (Table 1), the highest concentration of total phenols is 151.29
mg/gDW and total flavonoids is 10.16 mg/gDW in the bark. A slightly lower concentration of total
flavonoids (9.54) was found in leaves. The concentration of phenol was significantly lower in other
parts of the plants, and the lowest concentration was recorded in the leaf 91.55.

REFERENCES
Evaluation of the bioactive potential of aerial parts of Pinus heldreichii suggested that methanol
extracts have strong biological activity. The results of antibacterial activity showed that tree and
bark extracts are the most efficient. Leaves, bark’ and tree’ methanol extracts showed strong
antifungal activity against Candida albicans. By analyzing the content of total phenols in the stem,
leaf and bark of P. heldreichii species, it was determined that the stem and bark are significantly
richer in phenols compared to the leaf.
To conclude, parts of this endemic species could be used in the pharmaceutical and food industries,
as they are rich sources of natural preservatives and antimicrobial agents.

Extract Total	phenols	(mg/gDW) Total	flavonoids	(mg/gDW)

Pinus	heldreichii leaves 91.55c
±1.82

9.54a
±0.69

Pinus	heldreichii bark 151.29a
±1.22

10.16a
±1.45

Pinus	heldreichii tree 128.00b
±1.94

5.84b
±0.94

Zone of inhibition (mm)

Staphylococcus aureus supsp. 
aureus ATCC® 6538TM

Staphylococcus 
epidermidis ATCC® 12228TM

Enterococcus faecalis ATCC®TM 
19433

Bacillus subtilis subsp. 
spizizenii ATCC® 6633TM

Candida albicans ATCC® 
10231TM

Pinus heldreichii leaves 15,66b
± 0,57

14,33a
±0,57

17,33a
±0,57

17,33a
±0,57

17,00b
±0,00

Pinus heldreichii bark 18,66a
±1,15

17,66b
±0,57

18,33a
±0,57

14,00b
±1,00

18b
±1,00

Pinus heldreichii tree 18,33a
±0,57

19,66c
±0,57

14,66b
±0,57

19,66c
±0,57

17,00b
±0,00

Ampicilin 33,66c
±0,57

13,00d
±0,00

23,33c
±0,57

26,00d
±0,00 nd

Streptomycin 25,66d
±0,57 nd 14,66b

±0,57
31,66e
±0,57 nd

Nistatin nd nd nd nd 24,33a
±0,57

The results of the antimicrobial activity evaluation for P. heldreichii extracts are
presented in Table 2. The results demonstrate that P. heldreichii methanolic extracts
exhibit variable degree of antibacterial activity. Leaves’, bark’ and tree’ extracts
inhibited the growth of all tested microorganisms. The largest diameters of inhibition
zone (19.66 mm) were recorded against Staphylococcus epidermidis and Bacillus
subtilis subsp. spizizenii using tree extract. Tree and bark extracts showed a similar
inhibitory effect against Staphylococcus aureus (18,33±0,57 and 18,66±1,15 mm).
Against Enterococcus faecalis ATCC®TM 19433, bark extract had the greatest effect
(18.33 mm ±0.57). All tested extracts showed antifungal activity against Candida
albicans ATCC® 10231TM.

* Presenting author: e-mail: milica.vasic9.mv@gmail.com 

Table 1. Total phenols and flavonoids in samples of different plant parts

Table 2. Results of the antimicrobial activity of the tested extracts
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